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What | do today

| interplay R(D(*)) anomaly and tv

resonance search in LHC within a
General Two Higgs Doublet Model
(G2HDM)

We found that tv resonance search can give
more stringent constraints than Br(B, — tv).
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Current status of R(D(*)) anomaly
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Naively, H™ is a good candidate.

Our Model
N " H—
N
/\\ )
g%

Phys. Rev. D 82, 034027 (2010) M.Tanaka, et.al
Phys.Rev. D86 (2012) 054014 A. Crivellin, et al.



Motivation
~Why | work on Higgs physics?~

Guiding principles for me
e Simplicity of the model
* Electroweak precision test

\ General Two Higgs Doublet Model (G2HDM)
* Simple extension of the scalar sector

* STU parameter is controllable
* Flavor violating Yukawa could exist

&

Extending Higgs sector keeps the gauge
anomaly-free condition automatically

Rich flavor phenomenology
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Motivation

N\

may explain the discrepancies in flavor physics
. R(D®) today
®* Mmuon g-2 Omura, Senaha, Tobe: JHEP 1505 (2015) 028
« P’c :angular observable in B - K*uu
» R(K®)=BR(B » K®puu)/BR(B - KWee)

for a compatibility, see JHEP 1805 (2018) 173 SI, Y. Omura

* Flavor violating Yuka

could exist

&

Rich flavor phenomenology
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Model: G2ZHDM have a charged Higgs

Yukawa interactions relevant to R(D™))

Our Model

) oc(kl*pe)
N /\

Yukawa interactions relevant to R(D(*))
we consider p:f, pEt

Other couplings are small e.g. meson mixing, b—>sy, B>y,

Tt resonance SearCh.
P NUe Phys. B925 (2017) 560-606 SI, K. Tobe.



Stringent bound from BR(B, — tV)

Diagram for R(D(*)) automatically contributes to B, — v

s PuPe’
CR X —
my -
\Y
\T\
_ 4G - - Q fa =
Legr = —WVcb[(ryﬂPLv)(cy“PLb) + Cx> (TP,v)(CPRrb)] + h.c.
BR(B; = tV)sm = 2% Scalar operators have a large coefficient
~ 4
BR(B; — V)= ,
)
- — Bc 1S
BR(B; = tV)gmX |1 — Cy 60%? 1811.09603
‘ m.(my, + mc) last week

Conservative bound << 309%) R.Alonso et al. 1611.06676



tc ~TT

R(D(*)) in G2ZHDM s PP

2
my -

4G _ _ 'S /= _
Lepr = — %Vcb[(ryuPLv)(cy“PLb) + Cg° (TP,v)(€Pxb)] + h.c.

Phys.Rev. D86 (2012) 054014 A. Crivellin, et al.

R(D) ~ R(D)S,\,{l + 1.5R,o[(';;?']+|(';;?'|‘-’}. R(D*) ~ R(D*)S,\,{l — 0.12Re[C'7 | 40.05| C;;?'|‘~’}

Large coefficient is necessary to enhance R(D*) in G2HDM.
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Collider study



it from the collider experiment?

Any direct lim

Q.

A. TV resonance search
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We reinterpreted this |
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o XBrin G2HDM

Production /b
4 flavor scheme & 7
:
/ x b=
depending on H™ mass

Vv
\ . BR(H™ - v)

o=Xpy-|Y.|?

Branching ratio

--------- v, _ Bl
2 2
Y, Y, - 3|Y1|*+|Yz|
mé, -

o X BR=

XH_|Y1|2 |Y2|2

3|Y1|2+|Y2|2

Combination 1 :Y; = 1, maximizing denominator.
weaker constraint.

Combination 2 :Y, = +/3Y;, minimizing denominator.
severe constraint.

We set |Y;|,|Y,| < 1 : narrow resonance v search.
'(H™ - bc)~0.06|Y; |*my-,T(H™ - 1v)~0.02|Y, |>my-,then T'/my-<0.1
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0.34¢
0.32
O3 s=ci
----------- bination 1
weaker
0.28}
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. . . . severe
more strlngent constraint than Bc —> TV

KEK-PH 2018



Resu It Heavier H™, more severe constraint.

heavier lighter
0.34;

0.34;

0.32}
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0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
Experiment:arXiv Vs[TeV] | L[fb~"] | Range Myy[TeV] R(D)
CMS:1508.04308 7.8 19.7 0.3-4
CMS:CMS-PAS-EXO-16-006 13 2.3 1-5.8
ATLAS:1801.06992 13 36.1 0.5-5
CMS:CMSPASEXO-17.008 | 13 |[359 | 044

Better sensitivity for heavy Tv resonances: experimentally Tv
resonance search for W’ is more sensitive to a heavier
resonance because of the low background from W- tv.



Summary

G2

HDM can still exp

ain R(D).

We found that tv resonance gives more stringent

constraints than Br(B, — tv).
An interplay between flavor physics and collider physics

Is important.

We also analyzed bounds for W’ , see back ups!

Now LHC Run 2 (pp) finished

* 150

fb! data. 4 times larger than|36 fb

Our bound can be improved soon.

 The bound for a lighter resonance (less than 400GeV) is helpful!




Back up

* W’ case
 P'canomalyand H™



Selection cut

o exactly one 7-tagged jet, satisfying pr, > 80GeV and |n,| < 2.4,
o 10 isolated electrons nor muons (pr.,pr, > 20GeV, [n.| < 2.5, |n,]| <2.4),
o large missing momentum Ky > 200 GeV,

e and it is balanced to the 7-tagged jet: Ad(Hr,7) >2.4 and 0.7 < pr,/Hr < 1.3,
where A¢(Hr, 7) is the azimuthal angle between the missing momentum and the
T-Jet.
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Indirect upper bounds on
BR(B, — TV)

BR(B, — tVv) =1-Br(Bc the other decay) < 30% R.Alonso et al. 1611.06676

Substituting a SM calculation

Combining LEP data with inputs obtained in LHCb
< 109 A.G.Akeroyd.et al. 1708.04072

LEP has an upper limiton B, =» tv + B = tv. Combining recent result of LHCb, they got an
upper limit on BR(B; — V).

comment: they used BR(B_.2>J/{lv)q,, as an input.




Table 1. Predicted ranges of the polarizations for Ro, S; and Uy LQ models (pr,q = 1.5 TeV), which
satisfy the current 1o data of R, and the bound of B(B — 77v) < 0.3. The SM predictions,
the current data, and the expected sensitivity at Belle IT with 50 ab™! data [59,65] are also shown.
The sensitivity for PP is absolute uncertainty while the others are relative.

FP” PP o Rp Rp-

Ry LQ | [0.43, 0.44] [0.42, 0.57] [-0.44, —0.39] 1o data 1o data
S1 LQ | [0.42,0.48] [0.11,0.63] [-0.51, —0.41] 1o data 1o data
U, LQ | [0.43,0.47) [0.23,0.52] [-0.57,—0.47] 1o data 1o data

SM 0.46(4)  0.325(9)  —0.497(13)  0.299(3)  0.258(5)
data | 0.60(9) . ~0.38(55)  0.407(46) 0.306(15)
Belle II : 3% 0.07 3% 2%

1811.08899 SI, T. Kitahara, R. Watanabe, Y. Omura, K. Yamamoto.
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COnStra | Nt for W' See also M. Abdullah, et al.1805.01869

Vector (couple to left handed or right handed quarks)

We assume following operators. A Celisetal. 1604.03088
G. Isidori,et al. 1506.01705....

Lepr = _ﬂVcb[(l + ¢V )(Ty,Pv)(cyHPLb)| +
RV(TVHPRV)(CV”PRb) +h.c.

v

R(DW) ~ R(D(*))SM{H -G [P+ |C;QV|2}
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Left handed vector charged current

R(D(*)) ~ R(D(*))SM{ll 4+ C/LV|2 + ‘C%V‘Q}

o(pp = V=) x Br(VE = 1) = go(my) X
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Resu It the heavier W/, the more severe constraint.
heavier lighter
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: : W’: difficulty for building models
discussion Y g
SM like flavor structure is not favored. See left fig.

b V. Vv,=0.04 suppression exists and requires large g’

\ LA T-parameter requires Z’ with my,,= m.. .

g Vcb g’ W ‘

/ Then, there should be V_ unsuppressed
C T pp>bb>Z 51T AGreljo,et al:1609.07138

We need extended gauge bosons with
an exotic flavor structure and lighter mass.



OU [ MOde‘ Neutral Scalar

e
Particle set in G2ZHDM Epf]HfoR]f(f _ u}d: "

H —--82:::j
Y f
090 Em Charged Scalar
(Vermpa) THuldl + (Viewpu) VH ™ diuj
H e = <
ey Jwli
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Model: G2ZHDM

Yukawa couplings between a neutral scalar and fermions

1]

f Y}I;l] SB(XSI] +\/—CBO(;
i f
®=h,H,A , —l% forf=u
~ {(Ygij Pr + Yaji PL) ’ +p—f] forf=d,e
k —\/E ) )
f. m. :
i f f P

YHij = TCBaSij — \/—ESBa

Yukawa interactions relevant to R(D(*)) an

c C

) Oegl

- —p- o (VegmpaPr — P VexkmPL)® ~ pa’ PR = PR /\
b

T

- Vi Yukawa interactions relevant to R(D(*))
- < X ( klltISpeT) (pu ’pdb) X(pe :Pe ’ peT)
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Simultaneous explanation can be ?

- R(D®)=BR(B - D®1v)/BR(B - DWIv)
* muon g-2 Omura, Senaha, Tobe: JHEP 1505 (2015) 028

« P'c :angular observable in B - K*uu

» R(K®)=BR(B » K®puu)/BR(B -» KMee)

R(K®)| P! | R(D)|RD*)| éa, O: within 1o

(B) Pe #07 Pv = 0

A1 x | x| x | x | O
ple X O O X X orXX 0X 0
et X X X X O

ern 20z JHEP 1805 (2018) 173 SI, Y. Omura



